A 6D SO(14) flavor unification model with two spinor representations is obtained by a Z 2 orbifold compactification of the heterotic string, and the N = 4 supersymmetry is reduced to N = 2. This 6D model reduces to the previous 5D SO(14) model of family unification after the S 1 compactification.
I. Introduction
With the discovery of the top quark, the three family standard model has been filled and seems to be the theory below 100 GeV energy scale. Presumably, the observed weak CP violation is the most compelling reason for the three family standard model(SM), but it lacks the theoretical reasoning of why the same fermion representation repeats three times.
In this regard, the grand unification of families or flavors(GUF) attempts to unify the SM gauge couplings without the repetition of fermionic representations of the grand unification gauge group [1] , which seems to be the most promising rationale toward interpreting multi generations. In early days of GUF, indeed there appeared models without repeated fermionic representations [1, 2] .
But with the advent of superstring models, the GUF idea seems to be automatically implemented in superstring models. In particular, the Z 3 orbifold models usually give 4D N = 1 supersymmetric(SUSY) three family models and Z 3 seemed to be one of the fundamental principles of compactification of extra internal space [3, 4] . Some orbifold models are very close to the standard model [4] , but in most cases, there appear charged SM singlet fermions, which may not be consistent with the observed weak mixing angle sin 2 θ W | 100 GeV ≃ 0.232. Therefore, one of the key points to require in the compactification is not allowing unfamiliar fermions(UF). For example, vectorlike charged fermions are UF's since they are not appearing in the SM. For this reason, the flipped SU(5) [5] attracted a great deal of attention in the fermionic construction of 4D string models [6] . However, the orbifold compactification of SU(5) × U(1) seemed to be not easy. Recently, a 5D SO(14) model without UF's has been considered to give a 4D three family flipped SU(5) model which does not violate major low energy observations [7] . ¿From a 10D superstring theory, one has to compactify six extra internal spaces to obtain a 4D SUSY theory [8] . Most widely considered superstring theory is the heterotic
But the field theoretic orbifold compactification [9] need the string compactification of the internal space smaller than six, so that we can consider SUSY field theory in D ≥ 5. For the possibility of complexifying the internal space, we consider compactifying even dimensions, and hence our consideration of the internal space is four dimensions, leading to a 6D SUSY field theory model.
The heterotic string theory has N = 4 in the 4D viewpoint. To obtain chiral fermions, we have to reduce N = 4 down to N = 1. The most famous internal space for this purpose is the Calabi-Yau space with SU(3) holonomy [8] . The Z 3 orbifold also reduces N = 4 down to N = 1 [3] . It can be understood by observing that blowing up the singularities of the orbifold fixed points leads to the Calabi-Yau space with the SU(3) holonomy, because
To obtain a 6D model by compactifying four internal space, we cannot have an SU(3) holonomy since 6D SUSY theory must be N = 2. But we find that Z 2 orbifold works in reducing N = 4 down to N = 2. It is because an SO(4) vector 4 is (2, 2) under SU(2) × SU(2) and giving a vacuum expectation value to 4 can break one SU(2) but leaves the other SU(2) unbroken, which leads to an SU(2) holonomy. Then SUSY is reduced by half. Since Z 2 is the center of SU(2), we obtain 6D N = 2(in 4D viewpoint) theory. Then, we expect that bulk fermion representations repeat twice because of Z 2 , explaining why we need two spinors of SO(14) of Ref. [7] . We obtain the simplest 6D orbifold model SO(14) × U(1), which can be compared to the simplest 4D orbifold model
In this spirit, let us proceed to consider the orbifold compactification of T m /Z n with m = 4 and n = 2 in mind. 1 The twisting of the m-dimensional internal space and gauge groups are,
We define α is the eigenvalue of the internal space rotation, exp 2πi m a=1 r a n J 2a+4,2a+5 , satisfying α n = 1.
II. Modular invariance
There need to be two conditions. There is a unique definition of twisting up to double covering for fermions,
The condition for the modular invariance becomes
where ǫ n = 2(1) for an even(odd) number n. The order of twist is ǫ n n. Thus, the order of twist is 3 and 4 for the 4D and 6D models, respectively.
There are only several possibilities for the lattice vector v 1 and v 2 of E 8 × E ′ 8 satisfying these conditions. For 2v i should be again lattice vector in E 8 , v 2 i is 1 2 times an integer. Also it is known that any lattice vector in E 8 is within the distance 1 from some lattice point, so v 2 i ≤ 1. There are only three allowed combinations which are shown in Table I . = v 2 2 = 1 2 ) do not satisfy the two conditions given above.
Among the above possibilities, we discuss Case (iii) only since it can be a potential GUF(grand unification of families) SO(14) × U(1) [7] . The gauge group from SU(2) ′ × E ′ 7 can be considered as the "hidden" sector needed for SUSY breaking.
III. Untwisted sector
Without loss of generality, we can take shift vector as 
which constitute the representation 64 of SO(14).
The particle contents are obtained by combining the left-moving bosonic string with the right-moving superstring. On the left-moving side, we have 2 α 0 :α µ −1 |0 , and 91 of SO(14), α 1 :α i −1 |0 , and 64 of SO(14),
where α = exp πi, (µ = 1, 2, 3, 4), and (i = 6, 7, 8, 9 in the suitable holomorphic basis). On the right-moving side, we have 3
In the above expression, the Ramond sector can be counted as four 1 R 's (for the index µ) and 2 R and their antiparticles (for the index i). Combining these left-moving and rightmoving modes, we have gravition g µν , dilaton, antisymmetric tensor field B µν , Kaluza-Klein scalar fields, SO(14) × U(1) gauge fileds and their superpartners. Of course, there will be the hidden sector gauge fields also, which we have not written. Especially, two pairs(because of 2 R on the right moving side) of superfields transform like 64. Therefore, there are two SO(14) spinor representations for the matter fermions.
IV. Twisted sector
In the twisted sector, the twisted mode expansion gives a different zero point energy.
The zero point energy of a bosonic string is given by − 1 24 + 1 4 η(1 − η), where η = 1 n is a shift. In our case, η = 1 2 and 1 3 for the 6D and 4D string models, respectively. The zero point energy is shifted by
Then, the mass shell condition becomes
Therefore, we require for the Z 2 orbifold model,
and ψ −1 are the NS and R creation operators.
whereÑ is the oscillator number. ForÑ = 0 and 1 2 , there is no vector in the E 8 lattice, satisfying Eq. (7) . Therefore, no massless spectrum is obtained from the twisted sectors.
V. Conclusion
In summary, we have obtained a 6D superstring model with the gauge group SO(14).
The chiral fermions we obtain are two 64 ′ s from the untwisted sector.
In Ref. [7] , it was shown that a 5D N = 2 SO(14) GUF with two bulk fermions of 64 leads to a phenomenologically viable 4D flipped SU(5) model. In the above, we obtained an N = 2 SO(14) model from the heterotic string through Z 2 orbifold compactification, but in 6D.
We have to compactify one more dimension to obtain the 5D model. This can be trivially achieved by a torus compactification without orbifolding. A 6D 8-component Weyl fermion becomes a 5D 8-component fermion. Thus, the above two SO(14) spinor representations survive the torus compactification. Also, the N = 2 supersymmetry is unbroken since there is no orbifolding. Then, the 5D SO(14) model can be compactified by the field theoretic orbifold compactification S 1 /Z 2 × Z ′ 2 [7] . The extra fields needed for breaking of the SO(14)
must be assigned at the fixed points of the S 1 /Z 2 × Z ′ 2 orbifold.
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